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0 Data proceaaing circuit 



® To enlarge the eye opening of a serial data 
signal (for example, a teletext signal), the data signal 
Is applied in a data processing circuit to a track-and- 
hold circuit (2) which alternately holds the positive 
and negative peak values of the data signal. To this 
end, the data processing circuit comprises means 



(3) for detecting the occunrence of peak values and 
means (4) for detecting whether the data signal 
intersects a provisional slice level. A control circuit 
(7) realises the change-over from positive to nega- 
tive peak value detection, and conversely. 
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FIELD OF THE INVENTION 

Th8 invention relates to a data processing cir- 
cuit for processing a serial data signal. A serial 
data signal is herein understood to mean a signal 
which represents the-bit values of a transmitted bit 
stream at discrete sampling instants. More particu- 
larly, the invention relates to a data processing 
circuit for processing a teletext data signal, in 
which the bit stream is transmitted in picture lines 
of a television signal. The invention also relates to 
a device for measuring the amplitude of the data 
signal. 

BACKGROUND OF THE INVENTION 

Demodulation of a data signal for obtaining the 
transmitted bit stream comprises two operations. In 
a first operation, referred to as clock regeneration, 
a sampling frequency is regenerated from the data 
signal, which frequency corresponds to the clock 
frequency of the bit stream. In a second operation, 
referred to as data slicing, the data signal is com- 
pared with a slice level. The bit stream is regained 
by checking whether the data signal at the sam- 
pling instants is larger or smaller than the slice 
level. 

For a reliable demodulation of the bit stream a 
certain eye opening (height and width) of the data 
signal Is required. The eye height is the worst case 
distance between the positive and negative sam- 
pling values of the data signal with respect to the 
nominal data amplitude. The eye width, also re* 
fenred to as decoding margin, determines the al- 
lowed tolerances at the sampling instants of the 
clock regenerator. At the transmitter end the eye 
height is approximately 100% and the eye width is 
substantially equal to the bit period. However, dur- 
ing the transmission the data signal is affected by 
external disturbances. For example, a television 
signal, and hence the teletext data signal incor- 
porated therein, is subject to, infer aiia reflections 
(echoes) and interference of adjacent television 
channels (cochannel). Echoes cause bcal minima 
and maxima in the data signal, while cochannel 
t)ecomes manifest as a slow variation of the DC 
level. Such disturbances reduce the eye opening 
and hence the reliability of the bit stream de- 
modulation. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the Invention to provide a data 
processing circuit with which the reliability of the 
bit stream demodulatton is enhanced. 

According to the invention, the data processing 
circuit comprises a track-and-hold circuit to which 
the data signal and a control signal are applied. 



The output signal of such a track-and-hold circuit 
tracks the applied data signal at a first value of the 
control signal and holds the data signal at a second 
value of the control signal. The data processing 

5 circuit further comprises first detection means for 
detecting the occunrence of peak values of the data 
signal, means for generating a provisional slice 
level and second detection means for detecting 
whether the data signal intersects the provisional 

10 slice level. A control circuit coupled to the detec- 
tion means generates the first value of the control 
signal if the data signal intersects tfie provisional 
slice level, and generates the second value if a 
peak value of the data signal occurs. 

rs Thus, the data processing circuit supplies an 

output signal which altemately holds the positive 
and negative peak values of the data signal for 
some time. As it were, the output signal is a replica 
of the data signal, though with a larger eye width 

20 and largely deprived of local minima. Consequent- 
ly, the output signal has a larger eye opening than 
the data signal. This signal can be applied to a 
conventional data slicer and has a smaller error 
probability. 

25 The provisional slice level determines the in- 

stants when the data processing circuit changes 
over from positive to negative tracking, and con- 
versely. No stringent requirements are imposed on 
the accuracy of this provisional slice level. Con- 

30 sequently, this level can be obtained in a simple 
manner, for example by low-pass filtering of the 
data signal or the output signal. 

A further embodiment of the data processing 
circuit comprises a first sample-and-hokj circuit for 

35 sampling positive peak values and a second sam- 
ple-and-hold circuit for sampling negative peak val- 
ues. The data processing circuit thereby acquires 
the function of an envelope detector which provides 
both the positive and the negative envelope of the 

40 data signal. If the data signal is disturt)ed by 
cochannel interference, the cochannel component 
in both envelopes is present to the same extent. By 
averaging both envelopes, a data slice level is 
obtained which tracks the cochannel interference 

46 and is optimally located In the centre of the eye. 

It is to be noted that the t)ook "Teletext and 
Viewdata" by Steve A. Money, pp. 19-34. de- 
scribes an adaptive data slicer for teletext data 
signals. In this data slicer the data signal is applied 

50 to a positive peak detector and to a black level 
detector. The slice level Is derived from the output 
signals thereof. However, the black level detector 
does not track the variations of the negative sam- 
pling values. Consequently, the slice level is not 

65 optimally adapted to the perturt)ations which are 
present in the data signal. Moreover, the known 
data slicer has the drawback that two separate 
circuits are used for obtaining the two envelopes. 



<EP_0S94a48AlJ.> 



3 



EP 0 594 246 A1 



4 



If the two envelopes are subtracted from each 
other, a difference signal which is free from 
cochannel Is obtained and which can be applied to 
a further envelope detector. It has been found that 
the positive envelope of the difference signal cor- 
responds to the original data amplitude plus echo 
amplitude and that the negative envelope of the 
difference signal corresponds to the original data 
amplitude minus echo amplitude. Averaging of the 
two envelopes thus yields the amplitude of the data 
signal. A slice level which is free from echo is 
obtained by adding this amplitude to the negative 
envelope or by subtracting it from the positive 
envelope. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 shows some signal waveforms to explain 
the structure of a serial data signal. 

Rg. 2 shows a data processing circuit accord- 
ing to the invention. 

Rg. 3 shows some signal waveforms to explain 
the data processing circuit of Rg. 2. 

Rg. 4 shows a further embodiment of the data 
processing circuit according to the invention. 

Fig. 5 shows some signal waveforms to explain 
the data processing circuit of Fig. 4. 

Rg. 6 shows a data sheer comprising the data 
processing circuit of Rg. 4. 

Rg. 7 shows a device for measuring the am- 
plitude of a data signal 

Rg. 8 shows some signal waveforms to explain 
the device of Rg. 7. 

DESCRIPTION OF EMBODIMENTS 

Rg. 1A shows a serial teletext bit stream trans- 
mitted in a picture line of a television signal during 
the vertical field retrace. The bit stream comprises 
two clock-run-in bytes CR forming a pattern of 
alternating zeros and ones, a framing code byte FC 
with a predetermined fixed bit pattern and variable 
data VD. The bit rate is approximately 7 Mbit/sec. 
For a portion of the bit stream, Rg. 1 B shows the 
signal waveform of the corresponding teletext data 
signal transmitted by the television transmitter. 

During transmission the data signal Is subject 
to echoes and cochannel. To Illustrate this. Fig. 1C 
shows a negative echo of the data signal with a 
delay of 7T (T is the bit period). In a corresponding 
manner, Rg. ID shows a positive echo with a delay 
of 14T. The combination of these two echoes is 
known In the teletext literature by the abbreviation 
DELPHI (Defined Eye Loss with Precision Held 
Indication) and Is generally used as a standard 
interference of a teletext data signal for measure- 
ments of data slicers. Fig. IE further shows 
cochannel interference in the form of a k)w-fre- 
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quency sine with a small amplitude. 

Due to the interference thus introduced, the 
teletext data signal has acquired the shape at the 
receiver end, which shape is shown in Rg. 1F. The 

5 echoes cause local minima and maxima in the data 
signal and the cochannel becomes manifest as a 
slow variation of the DC level. 

Fig. 2 shows an embodiment of a data pro- 
cessing circu'it according to the invention. The data 

70 signal D received at an input 1 is applied to a 
track-and-hold circuit 2. to a positive input of a first 
comparator 3 and to a positive input of a second 
comparator 4. The track-and-hold circuit 2 further 
receives a control signal C and supplies an output 

16 signal T. The output signal T is applied to a nega- 
tive input of the first comparator 3, to a low-pass 
fiKer 5 and to an output 6 of the circuit. The output 
of the low-pass filter 5 supplies a provisional slice 
level S which is applied to the negative input of the 

20 second comparator 4. The first comparator 3 com- 
pares the data signal with the output signal T and 
activates a respective output D ^ T or D < T. The 
second comparator 4 compares the data signal D 
with the provisional slice level S and activates a 

25 respective output D 2 S or D < S. Said outputs are 
coupled to a control circuit 7 which generates the 
control signal C for the track-and-hold circuit 2. The 
control circuit 7 shown in Rg. 2 supplies C^ "1" if 
D 2 T and D ^ S or if D < T and D < S. Other input 

30 combinations lead to C = "0". 

The track-and-hold circuit 2 is generally known. 
The circuit tracks the input signal (track mode) 
when the control signal C has the logic value "1 " 
and maintains the output signal constant (hold 

35 mode) when the control signal 0 has the logic 
value "0". 

To explain the data processing circuit. Rg. 3 
shows the signal waveforms of the data signal D, 
the provisional slice level S and the output signal 

40 T. The signal waveform shown in Rg. 1F has been 
taken as the data signal D. As long as the data 
signal D is larger than or equal to the output signal 
(D ^ T) and is also larger than the provisional slice 
level (D i S), C = "r. The output signal then 

45 tracks the data signal. This is denoted by the 
reference numeral 30 in the Figure. After the data 
signal has reached a local peak value, D will be- 
come < T. The control circuit now supplies C = 
"0" so that the track-and-hold circuit assumes the 

50 hold mode. The output signal now remains con- 
stant and the local peak value is held. This Is 
denoted by the reference numeral 31 In the Rgure. 
The hold mode Is maintained until the data signal 
Intersects the provisional slice level and D be- 

55 comes < S. Consequently, C becomes "1 " and the 
track-and-hold circuit resumes the track mode in 
which the output signal tracks the data signal. This 
is denoted by the reference numeral 32 in the 

3 



5 



EP 0 594 246 A1 



6 



Rgure. After a negative peak value has been 
reached, the hold mode follows again In which the 
output signal remains constant and now the nega- 
tive peak value is held. This is denoted by the 
reference numeral 33 In the Figure. 

As Is apparent from Rg. 3. the data processing 
circuit produces, as it were, a replica of the data 
signal, though with a larger eye opening. The time 
margin in which the output signal can be sampled 
is considerably larger than the corresponding mar- 
gin at the original data signal. Consequently, less 
stringent requirements are imposed on the preci- 
sion (jitter) of a clock regenerator to which the 
output signal is applied. Moreover, the data signal 
has been deprived of local minima to a consider- 
able extent. For example, the local minimum de- 
noted by the reference numeral 34 in Rg. 3 is no 
longer present In the output signal. Consequently, a 
data sllcer to whtoh this output signal is applied 
produces fewer errors. 

Rg. 4 shows a further emk>odiment of the data 
processing circuit. In this Rgure elements denoted 
by the same reference numerals have the same 
significance as in Rg. 2. The data processing cir- 
cuit now further comprises two sample-and-hold 
circuits 8 and 9 having outputs 10 and 11. respec- 
tively. The inputs of both sample-and-hokJ circuits 
receive the output signal T from the track-and-hold 
circuit 2. The signals D 2 8 and D < S are applied 
as clock signals for the sample-and-hold circuits. 
The sampling instant is determined by the negative 
edges of the clock signal. 

Rg. 5 shows some signal waveforms to explain 
the data processing circuit shown In Rg. 4. At the 
instant denoted by the reference numeral 50 the 
data signal D intersects the provisional slice level 8 
so that a negative edge is produced at the output D 
2 S of comparator 4. Consequently, sample-and- 
hold circuit 8 is clocked and the output signal T is 
sampled. At this sampling Instant the output signal 
T still has the positive peak value of the data signal 
D. At the instant denoted by the reference numeral 
51 the data signal D again intersects the provi- 
sional slice level 8. Now, the negative edge is 
produced at the output D < S of comparator 4 and 
the second sample-and-hold circuit 9 is clocked. 
This circuit then samples the negative peak value 
of the data signal. In this way a positive envelope 
PE is obtained at the output 10 of sample-and-hold 
circuit 8. In a con^esponding nianner, a negative 
envelope NE is obtained at output 11 of sample- 
and-hold circuit 9. To ensure that the peak value Is 
sampled before the track-and-hold circuit changes 
Its mode, a short delay r may be introduced be- 
tween the outputs of comparator 4 and the control 
circuit 7. This delay is denoted by the reference 
numerals 12 and 13. respectively, in Rg. 4. 
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Rg. 6 Shows a data sllcer. This sllcer com- 
prises a data processing circuit 60, an adder 61, a 
multiplier 62 and a comparator 63. The data pro- 
cessing circuit 60 is constituted by the circuit 

6 shown in Rg. 4. The circuit receives the data signal 
D and supplies the output signal T as well as the 
positive envelope PE and the negative envelope 
NE of the data signal. Both envelopes PE and NE 
are added in the adder 81. The sum signal is 

10 halved by the multiplier 62. Consequently, the mul- 
tiplier supplies the comparator 83 with a slice level 
which is k>cated halfway between the two enve- 
lopes. If the data signal is disturbed by cochannel 
interference, the two envelopes comprise the same 

15 cochannel component The slice level supplied by 
multiplier 62 tracks this cochannel interference and 
is thus always optimally tocated in the centre of the 
eye opening. 

Rg. 7 shows a device for measuring the am- 

20 plitude of a data signal. The device comprises a 
first data processing circuit 70 and a second data 
processing circuit 72. Both data processing circuits 
are constituted by the circuit shown in Rg. 4. The 
data signal is applied to the first data processing 

25 circuit. The positive and negative envelo(>es of this 
data signal, now referred to as PE1 and NE1. 
respectively, are subtracted fiom each other In a 
subtracter circuit 71. The difference signal XI ot>- 
tained therefrom is applied to the data signal input 

30 of the second data processing circuit 72. The sec- 
ond data processing circuit now constitutes the 
positive and negative envelopes PE2 and NE2. 
respectively, of the difference signal In the manner 
already described. These envelopes are summed 

35 by an adder 73 and halved by a multiplier 74. The 
output signal X2 thus obtained represents the 
mean value of the envelopes PE2 and NE2. 

Rg. 8 shows some signal waveforms to explain 
the device of Rg. 7. The data signal applied to the 

40 device is assumed to represent a bit stream com- 
prising a repetition of the framing code 11100100 
and its inverse 00011011. The data signal com- 
prises cochannel and echo components. This Is 
denoted by D in Rg. 8A. Rg. 8A further shows the 

45 two envelopes PE1 and NE1. As already stated 
hereinfc)efore and as apparent from the Rgure. the 
two envelopes have the same DC variations due to 
the cochannel interference. The difference signal 
XI - PE1-NE1, shown in Rg. 88. is thus free from 

60 cochannel. This signal is applied to the second 
data processing circuit 72 (see Rg. 7) which gen- 
erates the positive and negative envelopes of the 
difference signal. These two envetopes are denoted 
by PE2 and NE2, respectively In Rg. 88. It has 

65 b9en found that the positive envelope PE2 is repre- 
sentative of the data amplitude plus. the echo am- 
plitude and that the negative envelope NE2 is re- 
presentative of the data amplitude minus the echo 

4 
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amplitude. To illustrate this, the signals In Rg. 8 
have been given concrete scale values. The origi- 
nal (undisturbed) data signal has an amplitude of 
0.5 Vpp and the echo amplitude Is 0.2 Vpp (40% 
echo). It is apparent from Rg. 8B that PE2 0.7 V 6 
and NE2 - 0:3 V. The mean value thereof (0;5 V) 
corresponds to the original data amplitude. 

The device for measuring the data amplitude 
may be used in different ways. For example, half 
the amplitude may be added to the black level of a to 
television signal in order to obtain an optimum slice 
level, even at a large echo amplitude. The device 
may also be incorporated in the control system of 
a controllable amplifier for obtaining a data signal 
of constant amplitude. t6 

Clalnns 



applied. 

5. A data processing circuit as claimed in Claim 
1 , characterized In that the circuit further com- 
prises a first sample-and*hold circuit for sam- 
pling the output signal at the occurrence of 
positive peak values so as to obtain a positive 
envelope, and a second sample-and-hold cir- 
cuit for sampling the output signal at the oc- 
currence of negative peak values so as to 
obtain a negative envelope. 

8. A data processing circuit as claimed in Claim 
5, characterized in that the circuit further com- 
prises means for generating a further slice 
level by averaging the positive and negative 
envelopes. 



1. A data processing circuit for processing a 
serial data signal, characterized by: 20 

- a track-and-hold' circuit to which the data 
signal and a control signal are applied for 
generating an output signal tracking the 
data signal at a first value of the control 
signal and holding the data signal upon 2S 
transition to a second value of the control 
signal; 

- first detection means for detecting the 
occunrence of peak values of the data 
signal; 30 

- means for generating a provisional slice 
level; 

- second detection means for detecting 
whether the data signal intersects the 
provisional slice level; 35 

- a control circuit coupled to the detection 
means for generating the first value of 
the control signal if the data signal inter- 
sects the provisional slice level and for 
generating the second value if a peak 40 
value of the data signal occurs. 

2. A data processing circuit as claimed in Claim 
1. characterized in that the first detection 
means are constituted by a comparator for 45 
comparing the data signal with the output sig- 
nal. 



7. A device for measuring the amplitude of a data 
signal, characterized by: 

- a first data processing circuit as claimed 
in Claim 5 for obtaining the positive and 
negative envelopes of the data signal; 

- means for subtracting said envelopes 
from each other so as to obtain a dif- 
ference signal: 

- a second data processing circuit as 
claimed in Claim 5 to which the dif- 
ference signal is applied for obtaining the 
positive and negative envelopes of the 
difference signal; 

- means for determining the amplitude of 
the data signal by averaging the positive 
and negative envelopes of the difference 
signal. 



a A data processing circuit as claimed in Claim 

1. characterized in that the means for generat- so 
ing the provisional slice level are constituted 
by a low-pass filter to which the output signal 
Is applied. 



A data processing circuit as claimed in Claim 66 
1 . characterized in that the means for generat- 
ing the provisional slice level are constituted 
by a low-pass filter to which the data signal is 



5 



BNSDOCID: <EP_068424aA1_L> 



4? 

EP 0 584 246 A1 




FIG. 2 
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